Abstract Numerical methods are essential to understand tribological behaviors since it is difficult to measure directly a closed contact or write representative analytical equations. In this paper, a focus on the complexity of a contact is done with the modeling of thermo-mechanical phenomena in connection with tribological triplet (mechanism, first bodies, third body). Discrete element method is chosen to have a dynamic view of a contact and is interesting to represent both damage of first bodies and cohesion of third ones. Thermo-mechanical models are described for first and third-bodies and are adjusted as a function of continuity of the body. Results regarding damage, rheology and thermal effects are studied as a consequence of cohesion of third body and applied energy by the mechanism (pressure, velocity). Because mechanical and thermal behaviors have a narrow but unclear relationship, a balance between local energy (cohesion of third body) and global energy (applied forces by mechanism) is recommended.
Introduction
The relative motion of two bodies in contact is the seat of several dissipative phenomena [1, 2] . In particular, one part of the necessary mechanical energy to rub bodies against each other is converted into thermal energy (from 80 to 95 % according to the literature [3, 4] ). Under dry contact conditions, this conversion can lead to hot spot localization [5] and thermoelastic instabilities [6] or to the alteration of mechanical, thermal and chemical properties [7] .
The literature proposes a large variety of analytical models trying to represent the contact complexity [8, 9] , based on roughness assumptions, plastic deformation and wear flows [10] . It appears that there are only few models accounting for the dynamic evolution of the contact, leading to the creation of an interfacial layer composed for the most part of the transformation and the degradation of debris particles issued from the bodies in contact. This layer, usually called the third body in reference of the two bodies in contact [11] , is well known to its mechanical roles (velocity accommodation, load transmission,...) but less for its thermal ones. The main reason is the confined feature of the contact, which makes difficult its local dynamic instrumentation. Only external measures can be performed, giving global information that not always corresponds to the reality of the contact [2, 12, 13] . Before Godet's concept, Ryhming [14] was the first to underline the fact that the discontinuous contact interface (not yet called ''third body'') is at the origin of the thermal energy dissipation in the contact during chip removal machining. The main consequence of his work was to find possible different surface temperatures for the two ''contacting'' bodies. However, this approach does not take into account the local rheology of the third body and its participation in the velocity accommodation during the sliding process. The heat generation is still considered constant through the third-body thickness and depends on the global friction coefficient, experimentally determined, thanks to the normal pressure and the shear velocity.
With the development of discrete element methods (DEM) [15] and their extensions to thermo-mechanical behavior of contact interface [16] , it is possible to analyze numerically the life of a contact. Several results have been observed [16] as, for example, the localization of the maximal temperature within the thickness of the third body as a function of its internal cohesion. Nevertheless, the approach stays at the scale of the third body, and the influence of first bodies is related to some specific thermal boundary conditions. This paper proposes a new approach to model the thermo-mechanical behavior of a tribological interface based on an equivalence between continuous and discontinuous thermal models. It accounts for the continuous feature of the bodies in contact and their damage until the creation of debris particles. This model uses the conceptual approach of the tribological triplet [11, 17] and the tribological circuit model [18] , which are tools for understanding and interpreting wear processes. They provide descriptive schemes which can lead to comprehensive models. This new approach presented in the paper relies on a DEM used as a meshless approach to investigate contact problems from a mechanical point of view only [19] . The method is extended to account for thermal feature such as heat generation and heat conduction through a continuous, a damaged or a discontinuous equivalent media. Static validations are performed and compared to results obtained with a finite-element method. Discussions and energy consideration are performed around an academic tribological case (elementary cell under normal pressure and shearing velocity). A focus is performed on the competition between the global applied energy and the local one through interaction forces.
Numerical Mechanical Framework
The method used to simulate evolution of a divided media is the non-smooth contact dynamics (NSCD) approach, developed by Moreau [20] and Jean [15] . This approach has been widely used for tribological application dealing with mechanical [21] , thermal [22] or more complex behaviors [22] . The approach differs from other approaches offered in the literature by its both implicit time integration and contact resolution, guaranteeing a converging stability and avoiding numerical tuning.
Recently, the approach has been extended [23] and used as a meshless approach to model equivalent continuous media [19] . Cohesive zone models (CZMs) [24] have been used to confer with the whole packing a continuous behavior. This model includes an internal variable, denoted b [25] (b 2 ½0; 1), which represents the adhesion intensity of the interaction. Physically, it accounts for proportion of microstructure defects like fractures, cracks or porosity. When b equals to 1, the interaction is not damaged, while it is broken when b equals to 0. Thus, to model degradation of a first body and creation of a third-body layer, two interaction laws are defined to represent the different states.
Usually, the CZM used to describe interaction between first-body particles is based on five parameters: C n and C t , the normal and tangential stiffness, respectively; w, the decohesion energy; b, the viscosity associated with evolution of inter-particle adhesion and l the local friction coefficient. For purposes of the present work, friction is equal to zero (l ¼ 0), like viscosity (b = 0). Such parameters can be related to the packing rigidity. Indeed, this last one is already guaranteed by both the high volume fraction of the packing and the high normal stiffness. Thus in the present case, CZM friction and viscosity are secondary.
Initial interactions are perfectly intact (b ¼ 1) and normal and tangential stiffness are considered equal. This assumptions means that the local model is defined by two parameters, i.e., C n and w:
where r and are, respectively, the local stress and strain. The elastic stress threshold r c is equal to ffiffiffiffiffiffiffiffi ffi wC n p
. If the value of r is less than this threshold, the damage parameter does not evolve. On the over case, b evolves, modifying both normal and tangential stiffnesses.
For debris particles, interactions are governed by a nonsmooth contact cohesive law used to reproduce reversible cohesion due to physicochemical effects [22] . Let d w be the attraction distance between two particles, g, the gap between particles and r n the normal contact force; one obtains a linear complementarity problem such that:
where c denotes the cohesion intensity. The cohesive condition is obtained when c\r n \0 and g d w . The stick condition is reached when r n ! 0 and g = 0. The decohesion condition is applied when r n \c or g [ d w .
Note that even if no tangential component is defined concerning local contact forces, it will be possible to measure a macroscopic friction coefficient using rough boundaries. The influence of the local friction on the macroscopic friction is secondary in regard to cohesion and roughness used in the model [26] .
Heat Generation and Conduction in Discrete Media
Thanks to previous work, it is possible to model heat generation and transfer in discrete media [27, 28] . According to the chosen model, the temperature of particles in a discrete medium can be tracked considering conductive, radiative or convective effects leading to the thermal evolution Eq. (3):
where q i is the mass density, c i , the specific heat and V i , the volume of particle i. Q are not of the first order [16] . They are considered as null in the proposed model.
Heat Generation
When two particles come in contact, the variation of their kinetic energy can be source of heat generation. This energy, denoted E ij , is written as:
where r a is the local contact force and v a the contact relative velocity associated with contact a. Then, this energy is assumed to be split into two equal parts. Thus according to such hypotheses, for the contact a involving particles i and j, the local generated heat flux Q gen ij acting on a particle is written as:
The parameter w is introduced to consider, eventually, only a part of such an energy [8] . Nevertheless, as proposed in [22] , other forms of energy transformation, such as convertion into vibration, phase transformation or volumetric heat by plastic strain [8] , are not considered, and all the dissipated mechanical energy is converted into thermal energy (i.e., w ¼ 1). Note that even if a value of w 6 ¼ 1 changes the amount of generated heat, it will be changed in the same way for all simulations and, consequently, does not affect quantitative comparisons.
Heat Transfer
In the literature, the works of Yovanovich act as a reference to model heat transfer between rigid bodies [29, 30] . Vargas and McCarthy [27] were the first to use such model in large discrete element assemblies. Considering the contact a involving particles i and j, the local conductive heat flux can be expressed as:
where T i and T j are, respectively, temperature of discrete elements i and j and H, the thermal contact conductance (TCC), which contains the thermal behavior related to the microstructural evolution of contact. Several authors work on an accurate representation of H to obtain a better estimation of contact temperatures [29] [30] [31] . However, they all have a static view of the contact concerning asperities for a two bodies contact model. In discrete assemblies, H, denoted H d , derives from Hertz's elastic contact theory [32] :
It is the product of the thermal conductivity k th and the contact area radius a. In a two-dimensional problem, a contact between two disks must be seen as a contact between two cylinders of unit length (L = 1). In this case, from Eq. (7), a represents the half-width of the rectangle contact area:
where r Ã and E Ã are, respectively, the effective radius and Young modulus. Note that Eq. (8) is extended to cohesive contact by adding up the contact force with the absolute value of the cohesive force c [22] .
Heat Transfer in Continuous Equivalent Media

Formulation
When DEMs are used to represent an equivalent continuous medium, Eq. (8) cannot be used directly without increasing its thermal resistance. The TCC should be adapted to obtain an equivalent behavior from a thermal point of view.
This adaptation relies on an analogy between the discretization of a medium using both a disk stacking in a regular square network and a finite difference method (FDM) (cf Fig. 1 a disk, the temperature of a point of medium can be estimated from a continuous or a discrete way.
To illustrate this approach, let us consider a solid plate of length L and width W, divided in regular cells of dimensions 2r Â 2r where r is the radius of disks using to discretize the region.
According to Eq. (3), reduced to conduction terms only and discretized by an Euler scheme, the temperature T of the element ij is equal to:
where A is equal to qcV and considered constant for all elements. Exponents ? and -refer to variables computed at end and beginning of time step (of length dt). Each conductive heat flux Q À ...;... in Eq. (9) can be replaced by its value given by Eq. (6) . Assuming that H, denoted H c , is constant for each couple of elements, one obtains:
equivalent to:
which corresponds to the discrete formulation of the temperature evolution of element i. This evolution can now be seen from a continuous point of view using the classical heat equation:
If same spatial discretization is used in the X and Y directions (dx ¼ dy), the approximation of Eq. (12) by FDM is equal to:
Using a spatial discretization equal to 2r, temperature evolution of node ij is given by:
Finally, the expression of H c comes from the identification of Eqs. (11) and (14) . In a two-dimensional problem, as a disk is considered as a cylinder of unit length, the thermal capacity A is equal to qcpr 2 . Consequently, one obtains for the TCC the following equation:
Finally, one can note that Eq. (15) represents the splitting of heat flux in four parts, corresponding to the four neighbors of a particle in a square lattice. To transpose this equation to any packing of disks, the number of contacts of each particle, denoted m and called commonly the ''coordinance,'' needs to be taken into account. Consequently, Eq. (15) evolves into the following equation:
It is interesting to highlight that H c depends only on one microstructural parameter (m) and not on numerical ones [33] .
Numerical Comparisons
In order to confirm the result given by Eq. (16), evolution of temperature in a solid plate submitted to an external thermal source is simulated. The solid plate is discretized by square and random stacks composed of 6241 rigid disks.
Results are compared to finite-element simulation where the size of mesh cells is equal to the diameter of one particle (i.e., 0.038 mm). Initial temperature T 0 is 300 K, and a heat source is applied on the lower boundary (T s ¼ 1000 K). Adiabatic boundary conditions are used for other boundaries. Figure 2 exposes the final thermal field for square and random stacks by comparing with a FEM simulation run with ANSYSÓ.
From a macroscopic and a qualitative point of view, thermal fields resulting from different models seem to be equivalent. To complete previous snapshots with quantitative results, temperature is measured at two points of the structure, located at 0.75 and 2.25 mm from the heat source (cf Fig. 3) .
As was supposed, there is a really good fit between the different curves, independently of the chosen discretization. Consequently, the introduction of the coordinance indicated in Eq. (16) is a good and simple way to be independent of the discretization induced by the packing of disks and to build an equivalent continuous media with appropriate thermal properties.
Heat Transfer in Damaged Media
In previous section, transfer models have been presented for continuous equivalent media as well as for discontinuous one. During tribological solicitations, a third-body layer is created, resulting from damage of first body. Consequently, it is natural to want to transit also for both states from a thermal point of view.
To perform such transition and to propose a model accounting for damage, value of TCC is discussed according to the damage variable b a related to CZM and contact conditions. Thus, the TCC of a damage media, denoted H e , is governed by the following conditions:
Two cases are distinguished in System (17) . When the interaction force between two particles is negative (tension condition), continuity of the contact a is only related to the b a variable. Heat transfer occurs only through this undamaged part of the contact leading to the first equation in System (17) . When interaction force is positive (compression condition), there is a combination between the continuous part of the interface and the contact condition acting on the other part, leading to the ponderation in the second equation in System (17).
Thermal Boundary Conditions
A system without boundary conditions or with uncontrolled boundary conditions could have a major impact on the physical results, especially on the study of rheology of a tribological interface [34] . In such systems, the use of adiabatic environment increases temperature within the interface and exacerbates thermal phenomena. It is then necessary to use methods allowing heat evacuation as proposed in [16] . For the purpose of the present work, the model proposed in [22] is used (cf Fig. 4) . It relies on the use of a two-dimensional continuous model to keep a heterogeneous evolution around the boundaries and to find an average behavior at a certain distance from the sample based on Eq. (12), discretized using FDM. At each time step of the simulation, the considered discrete boundary acts as an interface between the sample and the continuous domain. It serves as an initial condition for lower nodes to solve Eq. (12) . Once the equation is solved, it is possible to determine the amount of heat which is spread in the volume by the boundary particles and thus update their temperature. 
Model Description
The formalism presented in previous sections is applied to a homogeneous sample submitted to global tribological conditions. According to different sets of boundary conditions, the tribological behavior of the sample is investigated in terms of mechanical properties (damage, macroscopic friction) as well as thermal ones (maximal temperature). Figure 5 presents the elementary volume used in the simulations. Sample length and thickness are both equal to 3 mm. The sample is composed of 6360 rigid disks whose average radius is equal to 19 lm, connected by CZM (law parameters are summarized in Table 1 ). Upper and lower boundaries are represented by two rough walls. The upper boundary, submitted to a normal pressure P, is connected to the packing with CZM. The lower boundary moves with a content velocity V and interacts with the packing according to the unilateral cohesive law. Periodical conditions are imposed in the shear direction (lateral boundaries): Particles on the right of the sample are in contact with particles on the left (wear is neglected).
The thermal boundary conditions presented in Sect. 4.4 are applied on the upper and lower boundaries to allow a heat transfer out the contact area (cf Fig. 5b) . The height H of the two fictitious domains is larger than the height h of the sample (i.e., H=h ¼ 10). For each boundary, nodes on the left of the domain have the same temperature as the nodes on the right (i.e., 8y 2 ½0; H; Tð0; yÞ ¼ TðL; yÞ). Periodical conditions imposed in the shear direction allow heat transfer between particles on the left in contact with particles on the right of the sample.
Simulations are performed for different values of the cohesion c (c 2 f0; 3:8 Â 10 À5 ; 3:8 Â 10 À4 ; 3:8 Â 10 À3 ;
3:8 Â 10 À2 ; 3:8 Â 10 À1 g), and different values of the couple (P, V) are used (ðP; VÞ 2 fð1; 10Þ; ð2; 5Þ; ð5; 2Þ; ð10; 1Þg), keeping the product PV constant.
Numerical Measures
As interactions between particles are based on CZM, the status of an interaction is broken or not broken. As the b a variable, related to contact a, represents the transition between the two states, it is interesting to extend this local variable to more macroscopic quantities. Thus, as proposed in [19] , two global damage parameters can be defined.
The first one, denoted b i , is related to each particle and allows us to characterize the interaction of a particle with its neighborhood. It is defined as:
where n 0 i and L i are, respectively, the initial number of contacts and the list of contacts of particle i. When b i ¼ 1, all first-body interactions are preserved while when b i ¼ 0, all first-body interaction are broken and the particle evolves freely (third-body particles).
The second one is the global damage parameter b which is a measure of the integrity of the medium. It is defined as:
where n 0 is the initial number of contacts in the sample. The more b tends to 0, the more the sample is damaged. 
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Simulation time (ms) 10
Young modulus (MPa) 3000
Poisson coefficient 0.25
In addition to the damage parameter, the global friction coefficient l is defined as:
which represents the ratio between the force in the sliding direction (resulting from the sliding motion) and the normal force applied on the upper wall. Figure 6 presents a typical snapshot of the sample at the end of simulation.
The damaging parameter b i (cf Fig. 6a ) reveals the creation of a third-body layer which allows adaption of the relative motions between the bulk and the moving boundary. The temperature field (cf Fig. 6b) shows a strong localization of heat within the third body and a large variation between thermal response of the first and the third body.
Thus according to the tribological circuit, the damage of the first body represent the source flow, while the thirdbody evolution represent the internal flow. As periodic conditions lead to keep all particles within the contact, the wear flow is equal to zero.
Effect of Third-Body Cohesion
First of all, the effect of the third-body cohesion on the mechanical and thermal properties is investigated. To analyze such an effect, the dimensionless parameter g, defined as g ¼ c=Pd, is preferred to be taken as a measure of the cohesion c.
For pure discontinuous media, as for granular systems, the influence of the cohesive force c on the macroscopic friction is well known [26] . A transition on the macroscopic friction has been observed for a value of g around 0.1.
In the present case, for a normal pressure of 10 MPa, if c 2 ½0; 0:38 N; g varies from 0 to 1. Figure 7 presents evolution of the macroscopic friction coefficient during the simulation process for different values of g.
Except for the higher value of g, evolution is the same for the other values. The friction decreases strongly during the first time of the simulation, then increases slowly. Contrary to earlier results for a fully discrete medium [26] , the behavior transition occurs for higher value of g. Nevertheless, the friction coefficient does not seem to be in a stationary regime. At the end of the simulation, the friction values obtained with a value of g equal to 0.1 are larger than the ones obtained with lower values. Simulations should be run further to see if this difference continues.
In parallel to such observations, sample degradation of the global damage evolution b is observed (cf Fig. 8 ).
This evolution is decomposed in two parts, independently of the value of g. A fast increase in the global damage is observed in the first time of the simulation. Then, approximately around 2 ms, the slope of global damage evolution changes completely (to be less stiff). This change of slope is due to the creation of the third-body layer located between the bulk and the moving boundary which accommodates the velocity. This accommodation preserves the bulk from severe degradation but also minimizes the energy dissipation (decrease in friction coefficient). Note that, as for friction coefficient, evolution of the global damage for a value of g equals to one is different than for other values of g. A large cohesion intensity value has a strong impact at the beginning of the simulation (transient regime). Once the third-body layer is created, this impact is not so clear. Note, that at the end of the simulation, no steady state has been yet reached for any value of g. Longer simulations should be performed to obtain steady-state behavior.
In complement with mechanical observation, thermal measures are performed. The first observed quantity is the temperature difference between the upper and lower boundaries (cf Fig. 9 ).
As expected, this difference increases with time, but it appears that there is no significant influence of g on such evolution. According to this global measure, the third-body rheology does not affect the difference of temperature between boundaries.
To complete this global observation, the maximal value of the temperature deviation, denoted DT max , is plotted as a function of the damage level 1 À b (cf Fig. 10 ).
The first general observation is that the more the damage is important (increase in 1 À b), the more the maximal temperature deviation is important too. As the third-body layer becomes thicker, the number of contacts within the interface becomes larger, leading to an increase in heat generation. But contrary to the boundary thermal difference, an influence of g is observed. Particularly, for the highest value of g (i.e., g ¼ 1), even if the damage level is the most important, the maximal value of the temperature deviation is the lower one. In regard to the friction coefficient evolution, one might expect that the higher is the macroscopic friction, the higher is the maximal temperature deviation. In fact, there is no direct relation between l and DT max (cf Fig. 11 ), and evolution of the interface should be taken into account.
Global Versus Local Variations
The previous section focuses on the effects of third-body properties (through the parameters c and d w ) on thermal and mechanical macroscopic responses. In this section, the previous properties are determined as function of changes in global solicitations. For such comparisons, different couples (P, V) are used (ðP; VÞ 2 fð1; 10Þ; ð2; 5Þ; ð5; 2Þ; ð10; 1Þg), keeping the product PV constant and c stays in the same range of values (i.e., c 2 ½0; 0:38 N). Figure 12 presents the evolution of the macroscopic friction coefficient as a function of the cohesion intensity g for different couples of (P, V) values. The value of l is measured in the steady-state regime.
As underlined in the previous section, the macroscopic friction l increases with the increase in g, particulary at higher values of g. For most sets, the transition in evolution of l occurs for values of g larger than 10
À1 . Moreover, Fig. 12 underlines the combination of two effects related to the simultaneous variations of pressure and velocity. For the same value of c, the decrease in P results in an increase in friction for a given value of g. In addition, the increase in l, may be related to the increase in V as well as to the decrease in P. This kind of observation has been already done by da Cruz et al. [35] for pure discrete media. In their work, evolution of the macroscopic friction is represented as a function of the inertial number I defined as:
where H 3c is the thickness of the third-body layer. In all running simulations (cf Fig. 13 ), after 2 ms, H 3c is approximately around 4 % of the height of the sample, reaching 6 % at the end of simulation (t = 10 ms). Thus, after 2 ms and according to the different values of couple (P, V), the inertial number I ranges between 0.001 and 0.1. Such a variation of I involves a transition between quasi-static and dynamic regimes, transition involving an increase in l.
In complement of Fig. 13 , the evolution of the thirdbody height at the end of simulation (t = 10 ms) is plotted as a function of the cohesion intensity g for the different couples (P, V) (cf Fig. 14) .
The third-body thickness appears as constant for values of g smaller than 10
À1 . This constant value is similar for all couples (P, V) (\6 %), except for the couple ðP; VÞ ¼ ð10; 1Þ which presents a higher constant value. One remarks that for all sets this content value increases for g larger than 10
À1 . It seems important to underline that the larger third-body thickness does not necessarily lead to the larger coefficient value. Figure 15 presents the evolution of global damage as a function of cohesion intensity g for the different couples (P, V). As it is not possible to have a steady-state regime for such a quantity, only its final value is plotted.
As for friction coefficient, for a given couple (P, V), the global damage 1 À b increases with the increase in g and the transition occurs for values of g larger than 10
À1 . For smaller values of g, the damage values are approximately equal. But contrary to the friction, the damage increases when P increases and V decreases. Only the values of damage obtained with the higher value of P are apart and higher than the other. The large pressure creates the most important third-body layer which becomes larger when g increases. Such a layer is large enough to accommodate the shearing process and consequently minimize the friction (cf Fig. 12 ).
To complement the mechanical observations, Fig. 16 presents evolution of the maximal value of temperature deviation as a function of the cohesion intensity g for the different couples (P, V). As for damage (cf Fig. 15 ), the value measured at the end of the simulation is plotted.
Observations are similar to those for friction: an increase in DT max related to the increase in V but also to the decrease in P. Contrary to mechanical observations, an increase in g does not necessarily increase the maximal value of temperature. For the couple (P, V) equal to ð10; 1Þ and ð5; 2Þ; DT max decreases when g increases. The reverse behavior occurs for the couple (P, V) equal to ð2; 5Þ and ð1; 10Þ. It is interesting to note that this inversion occurs for a value of the ratio P=V 2 equal to 1. If the role of P and V on the mechanical responses is amplified by the cohesion of the third-body layer, independently of their values, it does not have the same behavior for thermal responses. There is competition between the energy due to shearing process and the one due to normal pressure.
Discussion
The present paper aims at studying thermo-mechanical phenomena in a tribological interface. An original extended DEM allows the transition between first and third-bodies from a thermo-mechanical point of view. For static continuous heated samples, a good correlation is observed with a similar static example run with finite-element method.
Besides, tribological conditions are applied on a homogeneous sample where damage of first body is governed by CZM and third-body debris is controlled by cohesive laws. First-body CZMs are based on two parameters (the stiffness C n and the decohesion energy w); CZM friction and viscosity are secondary as the packing density is already guaranteed by both the high volume fraction of the packing and the high normal stiffness. Third-body local friction is also neglected as its influence on the macroscopic friction is secondary in regard to cohesion and roughness used in the model [26] .
During solicitations where cohesive force, pressure or velocity varies, the first body is damaged more or less quickly to create a third-body layer. Their relative proportions and kinematics modulate heat generation and transfer. The local convective and radiative heat flux are neglected as they are not of the first order [16] . Through simulations, let us recapitulate the main facts about variation of cohesive force or pressure and velocity.
Cohesive force is an insightful parameter which represents a physicochemical aspect occurring for third-body particles. It allows us to avoid the use of arbitrary local friction coefficient between third-body particles. It shows a threshold effect on damaging, rheological and thermal behaviors. From a certain value of cohesive force, damage is more intense and friction coefficient notably increases. It causes a decrease in maximal temperature despite more interactions. That point comes from a thick third body which facilitates heat conduction between particles of third body. Consequently, choice of cohesive force value is crucial and heat conduction and transfer are in balance to master heat in a contact.
Even if the applied energy to the system is constant but pressure and velocity evolves, impacts on tribological behaviors are different. Pressure more controls the damage of first body. Velocity has major role for friction effects because it increases numbers and intensities of collisions between particles of third body. Thus, velocity increases heat generation and, consequently, temperature in a contact. Let us remind that cautions are necessary regarding assumptions of model (periodical conditions) and conclusions would be different if wear is taken into account.
Such numerical simulations allow to identify influence of several parameters (pressure, velocity, cohesive force,...) which take part into a tribological triplet. Considering the evolution of the first and third-bodies involves to distinguish the local energy, including cohesive energy and CZM energy, and the global energy related to the applied pressure and velocity. The contact behavior (according to the tribological triplet definition) relies on a competition between these two quantities. From local versus global energies, heat generation is distinguishable and competes with heat transfer to assess stored or dissipated energies. Work is under progress to understand that energetical point which is relevant to understand the multiphysical complexity occurring in a contact. 
